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I. Overview of children’s environmental health
Children and adults come into contact with numerous chemical and other hazardous 
exposures from environmental sources in their neighborhoods, homes, schools, and places of 
work. Children’s environmental health is a topic of global relevance, as morbidity and 
mortality resulting from environmental exposures are high and children have particular 
vulnerabilities due to their physiology and behavior patterns. According to the World Health 
Organization (WHO), one-third of the global burden of disease among children is a result of 
modifiable environmental risk factors, with some of the most prevalent environmentally-
related health outcomes in children being lower respiratory infections, diarrheal disease, and 
unintentional injuries1. Toxic exposures to chemicals, metals, and other hazardous 
substances may uniquely impact children and may result in adverse health consequences 
throughout the lifespan2,3. Environmental factors including air pollution, water access and 
contamination, poor sanitation and hygiene, housing design, and road infrastructure have 
also been associated with non-communicable diseases in children including asthma, chronic 
obstructive pulmonary disease (COPD), developmental delay, and injuries1.
Children are uniquely at risk for experiencing health outcomes related to environmental 
exposures due to a combination of behavioral and physiological characteristics. Children 
and infants consume more food per unit body weight than do adults, and children exhibit 
hand-to-mouth and crawling behaviors which lead to increased exposures as a result of 
ingestion of contaminants from dust, soil, and contact surfaces2,4. Prenatal exposure may 
occur when chemicals such as lead or mercury cross the placenta, and infants may be 
exposed to various environmental contaminants (including DDT, PCBs, dioxins and 
methylmercury) through breastfeeding4,5. In addition, children are still developing 
physiologically and experience “critical windows of vulnerability” during which time 
exposures may harm body functions and structures more than they would in an adult4. 
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Maturation processes such as neurologic, cognitive, and pubertal development may be 
irreversibly altered if they are disrupted.
The impact of childhood exposures to environmental contaminants may carry over into adult 
life. Adverse health consequences related to these exposures can manifest in different organ 
systems and in disparate ways, including neurologic dysfunction and impairment, 
reproductive abnormalities, immune system dysfunction, and cancer6. For example, obesity 
in later life may be associated with early exposure to environmental chemicals referred to as 
obesogens7. Some of these same chemicals can also increase insulin resistance leading to 
type 2 diabetes. The link between obesity and diabetes as well as other chronic diseases, 
such as cardiovascular disease, demonstrates the potential impact of childhood exposure on 
disease and dysfunction in the adult6,7.
A range of social determinants may also contribute to certain individual and population 
health outcomes as well as disparities within and between communities and countries8. 
Individuals from households with higher levels of education, higher income, a living 
situation that includes safe homes and neighborhoods, and access to preventive health 
services tend to be healthier throughout their lives8. Low-income housing and homes in 
resource-poor countries may have structural deficiencies, inadequate water and sanitation 
conditions, lead contamination, and poor indoor air quality as a result of excess moisture, 
mold, and unclean cookstoves8,9. Lead poisoning and asthma exacerbation provide 
examples of health outcomes with strong social determinants, as they are more common in 
low- and lower-middle income communities and countries, more prevalent in adults who 
didn’t graduate high school than adults who graduated high school or college, and twice as 
common among black children than white children in the United States (US)10-12.
Described below are several program areas within the Centers for Disease Control and 
Prevention (CDC)’s National Center for Environmental Health that include a focus on 
children’s environmental health as part of CDC’s public health mission.
II. Exposure assessment and biomonitoring
To determine the potential health outcomes associated with childhood exposure to 
environmental contaminants, it is necessary to quantify and assess levels of exposure. 
Various approaches are available to assess exposures to environmental contaminants, 
including collecting information from individuals (surveys), measuring chemicals in food, 
air, water, or soil (environmental monitoring), measuring chemicals in the immediate 
vicinity of individuals (personal monitoring), and measuring chemical concentrations in 
people (biomonitoring). These different approaches to exposure assessment can be used 
together to reduce the limitations inherent in each approach. In particular, biomonitoring 
may be used in conjunction with information about suspected sources of environmental 
contamination to enhance exposure assessments. Biomonitoring can also be useful in 
environmental epidemiologic research to evaluate the association between exposures and 
health outcomes.
CDC conducts biomonitoring in the US by measuring environmental chemicals, their 
metabolites, or specific reaction products in human specimens, usually blood or urine. 
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Biomonitoring can provide valuable information about the internal dose or body burden of a 
chemical. A biomonitoring measurement integrates all sources of exposure and all routes of 
exposure to a chemical, serving as an indicator of total or overall exposure13. For example, 
measurement of urinary cadmium integrates exposure from dietary sources and cigarette 
smoking, which are the two major non-occupational sources of cadmium exposure in the US 
population14.
CDC’s Environmental Health Laboratory also develops new laboratory methods and 
provides technical assistance, training, and technology transfer to state public health 
laboratories. Since 1999, blood and urine samples collected as part of the National Health 
and Nutrition Examination Survey (NHANES) have been analyzed for environmental 
chemicals13. However, NHANES specimen collections largely exclude younger children, 
with urine collection beginning at age six years, and except for blood metals and serum 
cotinine, blood sampling beginning at age 12 years. By means of numerous collaborations 
with external partners, the CDC Laboratory provides additional biomonitoring 
measurements in exposures and health effects studies of children and adults. A notable 
collaboration has been with the National Children’s Study, a pilot study that includes 
measurement of environmental chemicals in blood and urine from a sample of third 
trimester pregnant women and in cord blood and urine from a sample of infants15.
III. Air pollution and asthma
Both household and ambient air pollution are important sources of environmental exposure 
that have been linked to a variety of health outcomes in children as well as adults. 
Household air pollution (HAP) exposure has been associated with diseases including COPD, 
lung cancer, tuberculosis, asthma, and cardiovascular disease16-18. Nearly 3 billion people 
worldwide use solid biomass as their main fuel source for heating, cooking, and lighting on 
traditional cookstoves. The 2012 Global Burden of Disease Report listed household air 
pollution exposure as a major cause of global mortality, with approximately 2 million deaths 
per year attributable to HAP19. In an effort to reduce the burden of HAP-related health 
outcomes, CDC joined the Global Alliance for Clean Cookstoves as a founding member in 
2009 to support the introduction and evaluation of clean and safe cooking. CDC works 
closely with WHO and health sector partners in priority countries including Kenya, 
Guatemala, and India to define and evaluate effective cooking solutions that benefit the 
health of the population.
The Air Pollution and Respiratory Disease Branch of CDC’s National Center for 
Environmental Health conducts surveillance and epidemiologic assessment related to asthma 
in the United States. Asthma is a chronic inflammatory condition of the airways which may 
be unusually sensitive to a wide range of stimuli including exercise, cold air, allergens, 
environmental tobacco smoke, or air pollution20-22. Asthma symptoms include repeated 
episodes of wheezing, breathlessness, and chest tightness. Asthma attacks occur from the 
narrowing of airways. In the US, the proportion of people with asthma increased nearly 15 
% in the last decade23. In 2010, it was estimated that 18.7 million adults (one in 12) and 7 
million children (one in 11) had asthma and nine people died from asthma every day23. 
There are several environmental factors that have been proposed to account for the increased 
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prevalence of asthma in US children. Air pollution exposure (including environmental 
tobacco smoke) plays a well-documented role in asthma attacks and exacerbations in those 
who already have asthma. There is a large body of epidemiologic research that has examined 
the impact of indoor and outdoor air pollutants, such as particulate matter and ozone, on 
respiratory health. Increased symptoms of asthma have been associated with elevated air 
pollution levels24-29. The role that air pollution plays in initiating asthma, however, is not 
well understood; it is believed to involve a complex set of interactions between indoor and 
outdoor environmental conditions and genetic factors30-34. As the scientific understanding 
of susceptibility to air pollutant effects develop, the findings may help to inform the 
development of interventions for air pollution-induced asthma.
IV. Water, sanitation, and hygiene
CDC has a number of programs focused on global access to safe water, adequate sanitation, 
and hygiene in an effort to reduce morbidity and mortality. Diarrheal diseases are the second 
leading cause of death worldwide for children under five35. Up to 88 % of deaths due to 
diarrhea are attributed to inadequate water, sanitation, and hygiene conditions36,37. Globally, 
780 million people lack access to improved water sources and 2.5 million lack access to 
improved sanitation facilities38. Although the majority of this underserved population is 
concentrated in Africa and Asia, challenges remain in Latin America and the Caribbean, 
where approximately 118 million persons live without improved sanitation, and 35 million 
get their drinking water from unimproved sources38.
Improving operation and maintenance of water and sanitation facilities is critical to 
sustaining access to clean water. One tool for improving water quality is WHO’s Water 
Safety Plan (WSP) process for assessing and managing risk in drinking water systems39. 
With regional and local partners, CDC has implemented pilot WSPs in Brazil, Bolivia, Peru, 
Ecuador, Guyana, Jamaica, and St Lucia. Successful outcomes from these WSPs have 
included reduced water treatment costs, improved partnerships between water utilities and 
regulators, and, in the case of Brazil, a requirement for incorporating WSPs into national 
drinking water regulations. Water, sanitation, and hygiene are critical issues in higher-
income countries as well, and CDC provides surveillance, technical and outbreak assistance, 
and monitoring and evaluation related to water quality, sanitation, and hygiene in the US.
V. Lead poisoning prevention
Childhood exposure to lead can affect nearly every system in the body, in particular causing 
irreversible damage to the developing brain and nervous system. Even small increases in 
blood lead level can result in measurable decreases in IQ40,41. At low levels of lead 
exposure (< 10 μg/dL), negative health effects may also be seen in the immune, 
reproductive, and cardiovascular systems42. No safe blood lead level has been identified in 
children, and the CDC recommends keeping children’s blood lead levels as low as possible. 
CDC has recently adopted a reference level using the 97.5th percentile for children ages 1-5 
years of age from the two most recent NHANES survey periods; currently, this reference 
level is 5 μg/dL and CDC recommends keeping children’s blood lead below this level. CDC 
also recommends that the most effective way to prevent children from suffering the lifelong 
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consequences of lead exposure is by controlling or eliminating lead hazards in the 
environment43.
Over the course of the last 50 years, great strides have been made in reducing blood lead 
levels in US children as a result of an intense and coordinated effort by government 
officials, health care and social service providers, and the communities most at risk44. 
Removing lead from gasoline, residential paints, and other consumer products, as well as 
reducing lead levels in air, house dust, soil, and water has proven not only effective but also 
cost-efficient. Each dollar invested in lead hazard control is estimated to result in $17-$221 
in savings due to increased productivity and reduced medical care, special education and 
criminal justice costs making lead hazard control comparable to vaccination for common 
childhood diseases in terms of return on investment45. Despite recent successes in lead 
poisoning prevention, an estimated 535,000 US children still have blood lead levels ≥ 5 
μg/dL, with clear disparities between different socio-economic and racial groups12.
The near elimination of lead in gasoline globally has reduced blood lead levels in children 
worldwide. Today, the most concentrated and common sources of lead for children in 
developing countries are mining and processing of metal ores without control for exposures, 
informal sector recycling of batteries and electronic equipment, certain consumer products 
including toys and jewelry containing leaded paint, and contamination or adulteration of 
medicines and teas46. Some countries with developing economies have also seen the 
emergence of residential lead-based paints. As a result of lead exposures from these sources, 
children in the developing world continue to suffer high levels of lead-related morbidity and 
mortality47. The United Nations Environmental Program and WHO have initiated a global 
partnership to eliminate residential lead paint by 2020 through a series of voluntary and 
regulatory strategies and an emphasis on cost-neutral, readily available alternatives. 
Childhood lead poisoning is a preventable disease globally and the return on investing in 
childhood lead poisoning prevention efforts is great.
VI. Healthy homes
CDC’s Healthy Homes program takes a comprehensive approach to addressing multiple 
features of the home environment that may be associated with health outcomes in children. 
Housing is a critical aspect of environmental health, and children living without a home or 
in an unhealthy home environment are at increased risk for negative health consequences48. 
A healthy home is sited, designed, built, renovated, and maintained in ways that support the 
health of residents. Specific features that determine the health of a home include structural 
and safety aspects, indoor air and water quality, and the presence of toxic chemicals. The 
surrounding neighborhood and community are also important aspects of healthy homes. 
Many hazards can affect everyone regardless of socioeconomic status. Secondhand smoke; 
exposure to chemicals such as pesticides and some household cleaning products; allergens 
such as dust mites; fire and burn hazards; and fall hazards such as clutter and poor lighting 
can be found in many homes and neighborhoods. These hazards may result in a multitude of 
health effects including poisonings, fire and fall-related injuries, and lung diseases such as 
asthma and cancer49. Some hazards are more common in certain geographic locations. For 
Horton et al. Page 5













example, radon gas levels and the potential for extreme weather conditions and disasters 
vary across the United States and throughout the world50,51.
An expert panel, sponsored by CDC and the National Center for Healthy Housing, 
conducted a systematic review of housing interventions and health and determined that there 
is sufficient evidence of effectiveness for a number of interventions. These include reduction 
of interior allergens through multifaceted in-home interventions for asthma; elimination of 
moisture intrusion and leaks and removal of moldy items; use of integrated pest 
management to reduce both pests and insecticides; reduction of toxic chemicals through 
smoke free rules; lead hazard control and active radon air mitigation; use of safety devices 
such as installed working smoke alarms, four sided pool enclosures, and preset temperatures 
on water heaters; and use of rental vouchers to help families afford safe and sanitary 
housing52. The costs and benefits of these interventions have been considered, and the US 
Surgeon General suggests that implementing these would have a direct and measurable 
effect on the public’s health48.
VII. Conclusion
As evidenced by the variety of CDC efforts described above, the range of issues pertaining 
to children’s environmental health around the world is broad and complex in nature. 
Specific prenatal and childhood exposures to environmental contaminants may result in 
adverse health effects both during childhood and later in life. While certain exposures such 
as lead are well-studied and understood, much remains unknown about the specific effects 
of chemicals and other toxic environmental exposures on children. Additional research is 
needed to further scientific understanding of environmental exposures, and work remains to 
improve housing, water, sanitation, and hygiene conditions throughout the world.
Reducing the burden of environmental morbidity and mortality for infants and children 
requires a multi-disciplinary approach. Integrating preventive measures such as better 
understanding of exposures in children (including appropriate biomonitoring), 
environmental remediation, behavior change, and policy implementation in a population is 
critical. There is a need for partnership and collaboration between public health 
practitioners, physicians and nurses, policy makers, educators, non-governmental 
organizations, and communities to define and implement changes necessary to effectively 
address children’s environmental health issues.
Acknowledgments
The findings and conclusions in this paper are those of the authors and do not necessarily represent the official 
position of the Centers for Disease Control and Prevention or the Agency for Toxic Substances and Disease 
Registry
References
1. World Health Organization. Preventing Disease Through Healthy Environments: Towards an 
estimate of the environmental burden of disease. World Health Organization; Geneva, Switzerland: 
2006. Available at: http://www.who.int/quantifying_ehimpacts/publications/
preventingdiseasebegin.pdf
Horton et al. Page 6













2. Stein J, Schettler T, Wallinga D, Valenti M. In harm’s way: toxic threats to child development. 
Journal of Developmental and Behavioral Pediatrics. 2002; 23(Suppl. 1):S13–S22. [PubMed: 
11875286] 
3. Horton, LM.; Mortensen, MM.; Iossifova, I.; Wald, MM.; Burgess, P. What Do We Know of 
Childhood Exposures to Metals (Arsenic, Cadmium, Lead, and Mercury) in Emerging Market 
Countries?. International Journal of Pediatrics. 2013. Available at: http://dx.doi.org/
10.1155/2013/872596
4. World Health Organization. Children are not little adults. Children’s Health and the Environment: 
WHO Training Package for the Health Sector. 2008. Available at: http://www.who.int/ceh/capacity/
Children_are_not_little_adults.pdf
5. Wang RY, Bates MN, Goldstein DA, Haynes SG, Hench KD, Lawrence RA, Paul IM, Qian Z. 
Human milk research for answering questions about human health. Journal of Toxicology and 
Environmental Health A. 2005; 68(20):1771–801.
6. Barouki, et al. Developmental origins of non-communicable disease: Implications for research and 
public health. Environmental Health. 2012; 11:42. [PubMed: 22715989] 
7. Grun F, Blumberg B. Endocrine disrupters as obesogens. Molecular and Cellular Endocrinology. 
2009; 304:19–29. [PubMed: 19433244] 
8. National Prevention Council. National Prevention Strategy: America’s Plan for Better Health and 
Wellness. U.S. Department of Health and Human Services, Office of the Surgeon General; 
Washington, DC: Jun. 2011 Available at: http://www.surgeongeneral.gov/initiatives/prevention/
strategy/report.pdf
9. McMichael AJ. The urban environment and health in a world of increasing globalization: issues for 
developing countries. Bull World Health Organ. 2000; 78(9)
10. Centers for Disease Control and Prevention. Asthma’s Impact on the Nation: Data from the CDC 
National Asthma Control Program. U.S. Department of Health and Human Services, CDC; 
Atlanta, Georgia, USA: 2013. Available at: http://www.cdc.gov/asthma/impacts_nation/
AsthmaFactSheet.pdf
11. World Health Organization. Asthma Fact Sheet. WHO; Geneva, Switzerland: 2011. Available at: 
http://www.who.int/mediacentre/factsheets/fs307/en/
12. Wheeler W, Brown MJ. Blood lead levels in children aged 1-5 years— United States, 1999-2010. 
Morbidity and Mortality Weekly Report. 2013; 62(13):245–8. [PubMed: 23552225] 
13. Centers for Disease Control and Prevention. Fourth National Report on Human Exposure to 
Environmental Chemicals. 2009. Available at: http://www.cdc.gov/exposurereport/
14. Nordberg, GF.; Nordberg, M. Biological monitoring of cadmium. In: Clarkson, TW.; Friberg, L.; 
Nordberg, GF.; Sager, PR., editors. Biological Monitoring of Toxic Metals. Plenum Press; New 
York, New York, USA: 2001. p. 151-168.
15. Mortensen ME, Hirschfeld S. The National Children’s Study: An Opportunity for Medical 
Toxicology. J Med Toxicol. 2012; 8:160–5. [PubMed: 22108840] 
16. Varkey AB. Chronic obstructive pulmonary disease in women: exploring gender differences. Curr 
Opin Pulm Med. 2004; 10(2):98–103. [PubMed: 15021178] 
17. Liu J, Guo Y, Pan X. Study of the current status and factors that influence indoor air pollution in 
138 houses in the urban area of Xi’an. Ann N Y Acad Sci. 2008; 1140:246–55. [PubMed: 
18991922] 
18. Smith KR. Indoor air pollution and acute respiratory infections. Indian Pediatr. 2003; 40(9):815–9. 
[PubMed: 14530541] 
19. Lim SS, et al. A comparative risk assessment of burden of disease and injury attributable to 67 risk 
factors and risk factor clusters in 21 regions, 1990-2010: a systematic analysis for the Global 
Burden of Disease Study 2010. Lancet. 2012; 380(9859):2224–60. [PubMed: 23245609] 
20. Institute of Medicine. Clearing the Air: Asthma and Indoor Air Exposures. The National 
Academies Press; Washington, DC: 2000. 
21. Eder W, Ege MJ, von Mutius E. The asthma epidemic. New England Journal of Medicine. 2006; 
355:2226–35. [PubMed: 17124020] 
22. Vernon MK, Wiklund I, Bell JA, Dale P, Chapman KR. What do we know about asthma triggers? 
A review of the literature. Journal of Asthma. 2012; 49(10):991–8. [PubMed: 23574397] 
Horton et al. Page 7













23. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M, Johnson CA, Liu X. Trends in Asthma 
Prevalence, Health Care Use, and Mortality in the United States, 2001–2010. NCHS Data Brief. 
2012; (94)
24. Brunekreef B, Holgate S. Air Pollution and Health. The Lancet. 2002; 360(9341):1233–42.
25. Pope CA, Dockery DW. Health effects of fine particulate air pollution: lines that connect. Air 
Waste Manag Assoc. 2006; 56(6):709–42.
26. Schildcrout JS, Sheppard L, Lumley T, Slaughter JC, Koenig JQ, Shapiro GG. Ambient air 
pollution and asthma exacerbations in children: an eight-city analysis. Am J Epidemiol. 2006; 
164(6):505–17. [PubMed: 16798793] 
27. O’Connor GT, Neas L, Vaughn B, Kattan M, Mitchell H, Crain EF, Evans R 3rd, Gruchalla R, 
Morgan W, Stout J, Adams GK, Lippmann M. Acute respiratory health effects of air pollution on 
children with asthma in US inner cities. J Allergy Clin Immun. 2008; 121:1133–9. [PubMed: 
18405952] 
28. Lui L, Poon R, Chen L, Frescura A-M, Montuschi P, Ciabattoni G, Wheeler A, Dales R. Acute 
effects of air pollution on pulmonary function, airway inflammation, and oxidative stress in 
asthmatic children. Environ Health Perspect. 2009; 117(4):668–74. [PubMed: 19440509] 
29. Ahluwalia SA, Matsui EC. The indoor environment and its effects on childhood asthma. Curr Opin 
Allergy Clin Immunol. 2011; 11(2):137–43. [PubMed: 21301330] 
30. Brauer M, Hoek G, Smith HA, de Jongste JC, Gerritsen J, Postma DS, Kerkhof M, Brunekreef B. 
Air pollution and development of asthma, allergy and infections in a birth cohort. Eur Respir J. 
2007; 29:879–88. [PubMed: 17251230] 
31. Clark NA, Demers PA, Karr CJ, Koehoorn M, Lencar C, Tamburic L, Brauer M. Effect of early 
life exposure to air pollution on development of childhood asthma. Environ Health Perspect. 2010; 
118(2):284–90. [PubMed: 20123607] 
32. Delfino RJ. Epidemiologic evidence for asthma and exposure to air toxics: Linkages between 
occupational, indoor, and community air pollution research. Environmental Health Perspectives. 
2002; 110(4):573–89. [PubMed: 12194890] 
33. Ridel MA. The Effect of Air Pollution on Asthma and Allergy. Current Allergy and Asthma 
Reports. 2012; 8:139–46.
34. Selgrade MK, Lemanske RF Jr, Gilmour MI, Neas LM, Ward MD, Henneberger PK, Weissman 
DN, Hoppin JA, Dietert RR, Sly PD, Geller AM, Enright PL, Backus GS, Bromberg PA, 
Germolec DR, Yeatts KB. Induction of asthma and environment: what we know and need to 
know. Environ Health Perspect. 2006; 114(4):615–9. [PubMed: 16581555] 
35. Bryce J, Boschi-Pinto C, Shibuya K, Black RE, the WHO Child Health Epidemiology Reference 
Group. WHO estimates of the causes of death in children. Lancet. 2005; 365:1147–52. Available 
at: http://ih.stanford.edu/rosenfield/resources/WHO%20Estimates%20of%20COD%20in
%20Kids.pdf. [PubMed: 15794969] 
36. UNICEF. Progress for children: A report card on water and sanitation. 2006. Available at: http://
www.unicef.org/publications/files/Progress_for_Children_No._5_-_English.pdf
37. Black RE, Morris S, Bryce J. Where and why are 10 million children dying every year? Lancet. 
2003; 361:2226–34. [PubMed: 12842379] 
38. World Health Organization and UNICEF. Progress on Drinking Water and Sanitation: 2012 
Update. United States: WHO/UNICEF Joint Monitoring Programme for Water Supply and 
Sanitation. 2012. Available at: http://www.who.int/water_sanitation_health/publications/2012/
jmp_report/en/index.html
39. World Health Organization. Guidelines for Drinking-Water Quality. 4th edition. World Health 
Organization; Geneva, Switzerland: 2011. 
40. Canfield RL, Henderson CR Jr, Cory-Slechta DA, Cox C, Jusko TA, Lanphear BP. Intellectual 
impairment in children with blood lead concentrations below 10 micrograms per deciliter. New 
England Journal of Medicine. 2003; 348:1517–26. [PubMed: 12700371] 
41. Jusko TA, Henderson CR, Lanphear BP, Cory-Slechta DA, Parsons PJ, Canfield RL. Blood lead 
concentration <10 micrograms/dL and child intelligence at 6 years of age. Environmental Health 
Perspectives. 2008; 116(2):243–8. [PubMed: 18288325] 
Horton et al. Page 8













42. World Health Organization. Childhood Lead Poisoning. 2010. Available at: http://
www.who.int/ceh/publications/childhoodpoisoning/en/
43. Centers for Disease Control and Prevention. CDC Response to Advisory Committee on Childhood 
Lead Poisoning Prevention Recommendations. Low Level Lead Exposure Harms Children: A 
Renewed Call of Primary Prevention. 2013. Available at: www.cdc.gov/nceh/lead
44. Jones R, Homa D, Meyer P, Brody D, Caldwell K, Pirkle J, Brown MJ. Trends in blood lead levels 
and blood lead testing among U. S. children aged 1 to 5 years: 1998-2004. Pediatrics. 2009; 
123:e376. [PubMed: 19254973] 
45. Gould E. Childhood lead poisoning: Conservative estimates of the social and economic benefits of 
lead hazard control. Environ Health Persp. 2009; 117:1162–7.
46. Meyer P, Brown MJ, Falk H. Global approaches to reducing lead exposure and poisoning. 
Mutation Research-Reviews in Mutation Research. 2008; 659:166–75. e385. [PubMed: 18436472] 
47. Lo YC, Dooyema CA, Neri A, Durant J, Jefferies T, Medina-Marino A, de Ravello L, 
Thoroughman D, Davis L, Dankoli RS, Samson MY, Ibrahim LK, Okechukwu O, Umar-Tsafe 
NT, Dama AH, Brown MJ. Childhood Lead Poisoning Associated with Gold Ore Processing: a 
Village-Level Investigation — Zamfara State, Nigeria, October–November 2010. Environmental 
Health Perspectives. 2012; 120(12):1450–5. [PubMed: 22766030] 
48. US Department of Health and Human Services. The Surgeon General’s Call to Action To Promote 
Healthy Homes. US Department of Health and Human Services. Office of the Surgeon General; 
Washington, DC: 2009. 
49. Matte TD, Jacobs DE. Housing and health—current issues and implications for research and 
programs. J Urban Health. 2000; 77:7–25. [PubMed: 10741839] 
50. BEIR VI. Health Effects of Exposure to Radon. National Academy Press; Washington D.C.: 1999. 
Committee on Health Risks of Exposure to Radiation. 
51. Greenough G, McGeehin M, Bernard SM, Trtani J, Riad J, Engelberg D. The potential impacts of 
climate variability and change on health impacts of extreme weather events in the United States. 
Environ Health Perspect. 2001; 109(Suppl 2):191–8. [PubMed: 11359686] 
52. Jacob DE, Brown MJ, Baeder A, Sucosky MS, Margolis S, Hershovitz J, Kolb L, Morley R. A 
Systematic Review of Housing Interventions and Health: Introduction, Methods, and Summary 
Findings. J Public Health Management and Practice. 2010; 16(5)(E-Supp):S5–S1.
Horton et al. Page 9
Rev Salud Ambient. Author manuscript; available in PMC 2015 September 01.
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
A
uthor M
anuscript
